Objectives To estimate the costs associated with physical inactivity in Sweden for the year 2016.
InTrOduCTIOn
There is ample empirical evidence that physical activity improves (current) well-being and reduces future risks of disease. Thus, physical activity presently exerted has both an immediate welfare enhancing effect as well as a precautionary investment effect. While the immediate effect on welfare is strictly private, the reduction in risks of disease influences both private and public domains. It has been shown that physical activity improves health and promotes longevity. [1] [2] [3] [4] Physical activity reduces the risk of (1) cardiovascular disease, 5 6 (2) hypertension and stroke, 7-9 (3) type 2 diabetes, [10] [11] [12] [13] [14] [15] [16] (4) colon cancer, [17] [18] [19] [20] (5) breast cancer, [21] [22] [23] (6) osteoporosis [24] [25] [26] and (7) depression and anxiety. [27] [28] [29] [30] In spite of the large and well established health effects and general well-being effects of physical activity, a significant proportions of adult population do not exert any physical activity at all or are irregularly physically active (we will refer to this as being insufficiently physically activity). The WHO reports that 25% of the adult global population is insufficiently physically active. The proportion of the adult Swedish population that partake in physical activity regularly has risen over the last three decades, from about 30% in the early 1980s to more than 60% in the early 2010s. The proportion of women who are regularly physically active was somewhat below that of men in the early 1980s. Since then, the proportion of active women has risen more than that of men, and in the early 2010s, the proportion exceeded that of men (Survey of Living Conditions, Statistics Sweden).
The economic burden imposed on societies of physical inactivity, or insufficient physical activity, is considerable. The costs that arise due to the adverse health effects of physical inactivity have been estimated in a small number of studies. [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] The literature on the economic burden of physical inactivity was summarised in a recent systematic review. 42 Studies published in the peer-reviewed international literature have been performed for, inter alia, Australia, Canada, China, Japan, New Zeeland, the UK, the USA and Switzerland. In addition, Ding et al calculated the global economic burden of physical inactivity, divided per country, employing the prevalence approach and extrapolated healthcare unit costs. 42 Estimated proportions of national healthcare expenditures attributable to inadequate physical activity were estimated in the range 0.3%-4.6%. Estimated productivity losses varied between studies due to different methodologies. 42 To date, no study of the costs of inadequate physical activity among Swedish adults employing Swedish data has been published. This study fills in that gap by presenting such cost estimates for Sweden for the years 2002 and 2016.
Material and methods
The opportunity cost of illness is conceptually comprised of direct and indirect costs. Direct Open access and indirect costs are the values of the resources used and the productivity lost, respectively, due to illness. In this study, the economic costs of inadequate physical activity were estimated using the cost-of-illness methodology combined with a top-down approach and population attributable fractions (PAFs). 43 44 Direct cost components were estimated using the prevalence method, while indirect costs components were calculated, following established methodology, as the expected values from future lost production using the human capital approach with cumulative expected losses over a working life time. Direct cost components include hospital-based inpatient and outpatient care and primary care. Prescription drugs were not included. The Swedish Pharmaceutical register (the Swedish National Board of Health and Welfare), comprising information about prescribed and dispenses pharmaceuticals, does not contain any diagnostic information. In the discussion, we provide a comparison of total sales, without any estimates of the amounts attributable to insufficient physical activity, of relevant pharmaceutical for the years 2002 and 2016. Indirect cost components include market and household-based productivity losses due to mortality and work disability (early retirement).
Total numbers of hospitalisations and hospital visits, in Sweden, by disease category were collected from the national register administrated by the Swedish National Board of Health and Welfare. No national registry exists for primary care. Instead, the total number of primary-care visits was estimated using data collected from the administrative registry in the region of Västra Götaland (VGR) (about 1.7 million inhabitants out of a total of 10 million; the figures for VGR were multiplied by 5.9). The estimates of the number of life years and working years lost due to mortality and permanent disability were based on data on mortality and newly granted early retirement by medical condition, age and sex (National Board of Health and Welfare, Causes of Death Register; Försäkringskassan, government agency administrating social security) and life tables for the years 2002 and 2016 (Statistics Sweden).
Unit costs for hospitalisations, per medical condition, were collected from the cost-per-patient database administrated by the Swedish Association of Local Authorities and Regions, while unit costs for hospital visits and visits to primary care were collected from the VGR county council. The number of lost working years was converted into monetary units by multiplying by average annual wages (Statistics Sweden), including the employer contribution to social insurance. Further, a monetary value was estimated for lost household production, based on survey information on household time use patterns (Statistics Sweden). We assumed that permanent disability prevented the retirees from performing any household work. Present values of future market and household production were discounted at 5%.
Available information about physical activity among Swedish adults permits us to calculate PAFs separately for physical inactivity, PAFia , and physical irregular activity, PAFira , using the formulas:
where sia and sira are the shares inactive and irregularly active in the population, rria and rrira are the (unadjusted) relative risks of disease among inactive and irregularly active. The shares of physically inactive and irregularly active in the Swedish population are collected from the Survey of Living Conditions (Statistics Sweden). We used the relative risks for disease reported by Garrett et al, which are calculated for an adult population (aged >18), together with physical exercise habits for the Swedish population aged 16-64 in 1996/1996 and 2008/2009 in order to calculated population attributable proportions for 2002 and 2016 (there is no reporting for the age group 18-64). 34 The attributable proportions calculated in this way are likely to be lower than the 'true' proportions, since the relative risks reported by Garrett et al are valid for those aged >18 years of age, and since the relative morbidity risk associated with insufficient physical activity is lower among those above 64 years of age (the absolute risk of illness is increasing with age). The following medical conditions were included: ischaemic heart disease, hypertension, stroke, depression and anxiety, breast cancer, colon cancer, osteoporosis and diabetes type 2. Table 1 summarises exercise habits and the corresponding PAFs for each included disease.
The Survey of Living Conditions (SLC) comprises information as to the intensity and regularity of the respondents' physical activity on a five-point scale: 1 corresponds to no physical exercise at all; 2 corresponds to physical exercise now and then; 3 corresponds to physical exercise regularly at least once a week; 4 corresponds to physical exercise regularly about twice a week and 5 corresponds to high intensive physical exercise at least twice a week. The relative mortality risks reported by Garrett et al. (2004) 34 are computed for three levels of physical exercise regularity: inactive, irregularly active and regularly active. In order to align the Survey-of-Living-Conditions information with the information provided by Garrett et al, we assumed that the five levels in the SLC correspond to the levels in Garrett et al as follows: level 1 in the SLC corresponds to inactive; levels 2 and 3 correspond to irregularly active and levels 4 and 5 correspond to regularly active.
resulTs
The number of hospitalisation, visits to a hospital clinic, primary care visits, the number of deaths and the number of early retirements attributable to insufficient physical activity are summarised, per medical condition and separately for the years 2002 and 2016, in table 2. The number of lost working years and lost life years Table 3 Lost working years and lost life years due to insufficient physical activity, and lost life years due to insufficient physical activity in relation to the number of death and in relation to lost life years for illnesses Open access Table 5 Healthcare costs and productivity losses due to insufficient physical activity in relation to healthcare costs and productivity losses for all illness (0-64 years of age) by more than 50% for women. For men, the decrease is a more moderate 31%. During the same time period the other healthcare components underwent a corresponding increase. Men increased their number of visits to a hospital clinic by 38% and women by 26%. The increase in the number of visits in primary care due to insufficient physical activity is even more pronounced: 136% for men and 57% for women. The number of patients receiving inpatient or outpatient care increased from about 29 500 in 2002 to about 35 400 in 2016. During the same time period, the number of deaths attributable to insufficient physical activity decreased with about 50% for both men and women. In monetary terms, these developments translate into total healthcare costs, attributable to insufficient physical activity, at about 1.5 billion SEK in 2002 and 1.7 billion SEK in 2016. Second, among men, the number of lost life years due to insufficient physical activity declined from 20 560 in 2002 to 11 650 in 2016. The development between the 2 years of the share of lost life years for all illness that is attributable to insufficient physical activity declined reflected this development. For instance, men who died because of ischaemic heart disease attributable to insufficient physical activity declined from about 8.4% in 2002 to about 2.6% in 2016. Similar developments were found among women.
Third, healthcare costs due to morbidities attributable to insufficient physical activity represented 0.86% of total healthcare expenditures in 2002 and 0.91% in 2016. The corresponding figures for mortality were 7.04% and 2.16%.
dIsCussIOn
In this study, we have derived estimates of the societal costs attributable to insufficient physical activity in Sweden for the years 2002 and 2016. We used an epidemiological approach employing PAFs based relative risks derived by Garrett et al 34 and exercise habits among adult swedes in 1996/1997 and 2008/2009. 34 To the best of our knowledge, this is the first study of the costs of insufficient physical activity performed for Sweden. The overall conclusion emerging from our calculations is that the adverse health effects associated with physical inactivity causes large economic costs. The costs attributable to insufficient physical activity are of the same order of magnitude as the costs attributable to smoking, which is, arguably, the life style factor that has the most serious health consequences. 42 43 Bolin and Lindgren estimated the societal costs of smoking using the same methodology as adopted in this study and arrived at a total cost of 8. 32 33 Our results, however, fall within the range of shares of total healthcare expenditures, for a variety of countries, accounted for by insufficient physical activity reported by Ding et al in their recent review. 42 Further, although 13 of the studies included in the Ding et al review incorporated indirect costs, there are methodological differences and reporting uncertainties that make comparisons with our results difficult, if not futile. Ding et al calculated direct and indirect per-country costs for 2013. 42 For Sweden, their mortality-related productivity losses amounted to about 50% of the direct costs. We estimated the value of productivity losses for deaths occurring in 2016 at about 72% of the healthcare costs, which is in the same order of magnitude as the Ding et al measure.
Information about drug prescriptions and associated diagnoses is not systematically collected in Sweden. A12A  B01A  C01A  C01D  C03A  C03C  C03D  C03E  C07A  C08  C09  C09A  C09B  C09C  C09D  C10  G03C  G03D  G03F  L02B  M05B  N02A  N05A  N05B  N05C  N06A A number of caveats should be addressed. First, we have not made any attempts at estimating the monetary value of reduced quality of life among those struck by illness. Obviously, these intangible costs are potentially considerable. Second, we have assumed that the population attributable proportions are applicable to the Swedish populations that we studied, although using relative morbidity/mortality risks estimated for a different population. The relative risks associated with physical inactivity are conditional on given life style habits in the specific population used for obtaining estimates. Any change in health-related life style habits other than physical activity in that population will change the relative risks associated with physical inactivity. For example, consider the thought experiment in which every smoker quitted smoking at a given point in time. Over time, the incidence of ischaemic heart disease will decline, ceteris paribus. However, the cases of ischaemic heart disease that still occur will not be caused by smoking, and, hence, the relative risk for ischaemic heart disease associated with physical inactivity will increase as a consequence of the smoke stop. Third, we did not include the productivity losses due to temporary illness caused by the diseases included, which is probably the most serious limitation. The reason for this is that there is no systematic collection of sickness absenteeism from work per diagnosis in Sweden. The Swedish Social Insurance Agency do collect information about sickness absenteeism per diagnosis, but only for days reimbursed beyond the 14th day of sickness for each case of work absenteeism.
The findings are summarised in the box 2.
Contributors KB is the sole contributor.
Funding This study has been funded by the Swedish organisation for outdoor life (Svenskt Friluftuftliv).
Competing interests None declared.
Patient consent Not required.
Provenance and peer review Not commissioned; internally peer reviewed.
Open access This is an open access article distributed in accordance with the Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which permits others to distribute, remix, adapt, build upon this work non-commercially, and license their derivative works on different terms, provided the original work is properly cited, appropriate credit is given, any changes made indicated, and the use is non-commercial. See: http:// creativecommons. org/ licenses/ by-nc/ 4. 0/ reFerenCes
